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STATIC-THRUST ANT)TORQUE CHARAOTERISTIOS OF “

SI&I& AND DUAPROTATING TRAOTOR PROPEIZERS
,.

By Jean Gilman, Jr.

sm&ARY

A program of outdoor tests was carried out to
determine the static-thrust and torque characterlstios
of slngle- and deal-rotating propell~rs for use in air-
oraft propeller design and in take-off perfomsnce esti-
mation. The propellers used for the tests were.10 feet
in dititer and were made up of blades of Hamilton
Standard desl~, drawing nuhbers 3155-6 and 3155-6-1.5. ~
The oharacteristlcs were investigated over a oonslderable
range of solldity for both single- and dual-rotating pro-
pellers. 31ade-angle settings ranged from 10° to kO”
in 5° Increments.

The propeller characteristics are presented as func-
tions of the blade-sngle setting at the three-quarters
radius and,for”some comparisons,.as a function of the
power coefficient. Msign charts. showing the variation
of thrust with total activity faotor are included.

.Dual-rotatimgpropellers showed substantially higher
3statio-thrust an “power absorption than the corresponding

single-rotating propellers. At equal power absorption
ths statio thrust of the six-blade dual-rotating propeller
was approximately equal to that of the eight-blade sin@e-
rotating prope’-!r,.bothwith standard-width blades. A
wide-blade single-rotating propeller produced a slightly
higher static thrust than did the propeller of equal
solidity with standard-width blades. Faired data from
the extrapolation of tind-tunnel test mrves to zero.
V/nD were fomd to be generally consistent and of siaf-
fiotent accnxmcy for use in most preliminary propeller
calculations.



—. -
I

. . INTRODUC~6N

The static-thrust and to~ue ohar-teristios of
alrcraft propellers are often required in take-off
calculations and propeller seleotion. !Mnoe only a
limited amount of static-test data is available (refer-
enoe 1), the data are usually obtained by the extrapola-
tion of wind-tunnel test mu?ves to zero advance-diameter
ratio. Data obtained by this method, while generally.
satisfactory, have sometimes led to conflicting conclusions
mainly because ot’the sparsity of data at low airspeeds.

In order to obtain true static condition and to
avoid the undesirable features of indoor testing, a
balance rig was constructed to petit outdoor testing.
The Identleal propeller-nacelle combination used In
references 2 and 3 was used in the outdoor tests at
the NACA pro~.eller-researchtunnel to expand the scope
of available Inform&tion end to permit the direct com-
parison of the aotual static-test results with those
extrapolated from whd+mnnel tests.

.-
The program covered tests of two-, three-, four-,

six-, and eight-blade single-rotating and four-, six-,
and eight-blade dual-rotating propellers of standard-
blade width. Tn addition, t&ee- and four-blade single-
rotattng and sir.-snd eight-blade dual-rotating pro-
pellers of 50 percent increase in thickness and blade
width were included. The blade-angle range was from 10°
to @c.

METHODS AND APFARATUS

A general Idea of the test setup is given by fig-
ure 1. By following through the llnkages indicated in
figure 2, it ma~ be seen that the balance reading dif-
ference was proportional to the thnst by a ratio of
the moment arms ac/bd. The thrust measured in this way
included a n~gutlve component due to the drag of the
nacelle -body and supports In the propeller slipstream.
Calcmlatior?sbased on test data of reference 2 from
wind-tunnel drag runs of the nacelle body alone indicated
that this drag was 1.2 percent of the measured thrust.



The engine-ntioellebody and propellers were those c
-used1P the”,p,reviously.mentioned wind-tunnel tests.
(Sea references 2 and 3. ) The motor ariwmgetient‘-W. the

--—-,.-.

spring-selsyn dynamometer”used”to ~asure’ the torque-are
desorlbed In referenoe 2. Dimensional details of the
naoelle from reference 2 are reproduoed”in figure 3.
The prbpe.llerswere of 10-foot diameter, Hamilton
Standard design with drawing numbers 3155-6 for the
right hand arid3156-6 for the left-hand blades end with
Clark Y seotions:throughout: Also included were pro-.
pellers of the same diameter, blade seotlons, pitch.dls- .
tributlon, and thickness ratio, but with blades 5C per-
oent wider and thldker~ These will hereafter be referred
to as ‘Iwidebladea,n and thb drawing”numbers are modified
to 3155 -6-]..5 and3156-6-l. 5. Blade-farmcurves for
both standard-width and wide blades are @ven in figure k.

Check tests, with and without spi”nners,showed a
negligible difference in the propeller characteristlos
for the static condltlon. A aotisiderablesaving of time
in ohanging blad~ angles was.effeoted in these tests by
omitting the spinner sudface. ....

Two-, three-, and four-blade single-rotating pro-
pellers were tested with the blades in the rear hub.
The six- and eight-blade single- and dual-rotating
propellers +:eremade up on two hubs in tandem, eaoh hub
having an equal number of blades. The hub spacing was
10 inches for both single and.dual rotation...

.The position of the shaft splines preventedequi-
angular ’spacfngof the blades for.the six- and eight-
blade single-rotating propellers. W front blades led
the rear blades by 75° for the six-blade propelleb and
52.5° for the eight-blade propeller. Results of refer-
ence )+indicate that this unequal spacing would not
affedt the results.. . . .

The:duat-rotating runs were made at equal front
and rear propeller rotational speeds with the blades of
the front component set In equal increments of ~“ each
but.with the rear oomponent adjusted to a slightly”smaller
W*9. ,.The.-differentigl.?ettings,:which are those giving
approximately equal front and rear torque at peak efficiency,
are given in figure 5. These settings were used beoause
normally the fltght efficiency of the propeller Is of
primary importance and also beoause the statio tests are
to supplement previously published wind-tunnel data.
(See Rferences 2 and 3. )
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13hde an~les were varied from 100 to”&OO In 5°
fnorements, with the exception that dual-rotating “ro-

8pellers with wide blades were not tested beyond 35 “
beoause the 10-inch hub spaclng,did not permit passage
of the blades at higher settings.

At eaoh blade-setting, several readings of thrust
and torqus were made over a small range of rpm. The
test points thus obtained were plotted agal.nstrpm
as shown In figure 6, falred, and the falred value was
oorreoted fcr.wind velocity. “

“ The low power of the eleotrio propeller-drive
motors (two 25-horsepower Induction niotors)prevented
any 98n8ible occurrence of compn”ssibility effeots.
The hi&hest rotational speed (55C!”rpm at low blade
angles only) resulted in a maximum attainable ratio
of tlp speedilto the velooity d’ sound of”O.23.

The Reynelds number”varied depe~ding on the blade
width and on the rotational speed obtainable. Based on
the chord at ?.?~ R, M was of the order of ~00,000 f’or
the standard-width blades.

.

Tests were made outdoors sufficiently far away from
buildings or other obstruotlons that might have affeoted
the flow. l%e Iiqiting wind velocity beyond whloh test-
ing was not d.one.wastaken as 5 miles per hour, plus or
minus (plus or minus in the sense that a small positive
or negative V\nD would result). Readings of wind
velooi.tytaken before and after eadh run on a vane-type
anemometer were averaged In making the small correc- .
tions to the observed results. Teeting In orosa winds
was avoided.

Me accuraoy of static-thrust tests oonducted :
outdoors is lower than the wind-tunnel tests, partly
beoause at the higher blade angles any wind yelocity
would have the effect of stalllng br installing a por-
tion of the blades, depending on its magnitude and
dlreotlon relative to the normal induced Inflow veloeity.
This fact would make any method of correotlon to aotual
statlo oonclltionsless rellable~ ind is a souroe of .
possible error not present in wind-tunnel tests.

.
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““%“RESULTSAND MSCUSt510H

%1. ,.. . . . . . . .

The results are
eient8 aa follows:

.. . . . ,,. . .. . . . .. . .. ..---1, -

reduoed to dimensionless ooeffl-.’

.Te .CT’=—
~2$g “

Cp.

CPF

CpR

. 2Tm
-H

P

@lb = ~3~5

21m Q~

= ~3D5

‘2m.QR .“
=—

~3D5 ,.
“.

.

and R refer to front andCy %R subscripts F
rear components of dual-rotating propellers

c@.p statla-thrust figure of merit

V/nD advance-diameter ratio

Standam3 NACA s~bols are used:

T tension in propeller shaft, pounds .

AD additional drag of nacelle and strutp oauaed by
propeller slipstream, pounds

Te=T- AD eff~otive thrust, Founds

P power absorbed by propeller, foot~pounds per second

Q- “’.propellertorque; pound-feek.~

n propeller rotational speed, revolutions per second .

D propeller diameter, feet “ “

.
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R propeller radius, feet
r. -..,.#:”.

P“”” blade angle at 0.75R, degrees

The results are presented in plots
propeller oharacterlsties as a function

showing the
of the blade-

‘&gle setting at the 0.T5R..’Comparisonsonsare made on
the basis of both blade-angle setting and power ooeffl-
cient. Table I Is a complete list of the figures gi.vlng
these results.

. ‘ ,..
The basic static characteristics are presented In

figures 7 through 18, which are plots of CT, Cp, and

the ratio of C#Cp again,st~~ladeangle. The scattering
of the points, which are shown on the CT and CF curves,
is usually loss than 2 percent at blade angles less
than 200. Khve 2C~’the dispersal is as much as ~ percent,
whioh may be attributed to.the previously cited.wind
effeot. ..

.“
The ststlc-thrust figure of merit, !3T/Cp, is of

practioal uttlity IIIthat it cen be used to find the .
statiq.thrust if”the.propeller diameter, engtne power,
and rpm are known because .

cT/c~= TenD/F

This is a convenient form for dealing with contro”llable-
pltoh propellers where n is substantially constant.
The effect of differences of propeller-body combination
on AD, however, should ,betaken into acoount.

Figures 19 and 20 show the variktion of power
absorption with blade angle of tke front and rear.o,ont-
ponents of the stx-blade dual=rotating propellers. Four-
-and eight-blade propeller .~esultswere similar. The coef-
ficients l?orthe front an~ rear components could have
been made equal by setting the blades for equal power
absorption at the statio-thrust.conditioninstead of at
maximum efficiency. .Reference 5 (fig. 36) indicates .
that negligible increase in static thrust would result.
It should be remarked that the data from which figures 19
and 20 were prepared were not corrected for wind velocity
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eime @da” oorreetlon.18 very “sM1l. The SUUFof cm

taimLj‘C*.,’ @eie~$ri” kill.qbt,@o*saiQy W%.O&LTJCk.;~Cp.
...”: ..1. . ...1 , ..

.“t. ~i%mpositiis of. me oha&8dter~stlo *ves are’: PAL
E&ted in figures.21 and 22. ...XtIs to Ue expebted@at
the.thimst or..p@rer absorption of propeller w’ofic!not
*Y -direct13 with solldlt~ or 80tlvity f’aotonbedatis~

# * “.,
: .ef” &lQde til%hferenoe# and-these mrve~ are “of”Xtidullxr

.“iij~~res’tin oonneotion‘wIW. We point beoaiue’W “We wide
: “. Wm’=tion of Solldlty.“ The fact that the solidi~ was
;::”;vaatedin two diff%rent ways is of ihtiher interest, .as

w313’ be more fully illustrated... ..
-.+,... . ..“

..,,,..:Fr”‘“”Fi.tie 21(8) Tresents” curves of CT as ‘k,’.thuiotion
.”:-.’,o~blade angle for the staridard-widthpropellems”~:These~-f.,.\,.-..
-; d.wyes S40W the gain in static thrust resulting%+orn

!1’b:;;,..“.in@%aeingthe nuniberof’blades”. Increasing the riumber
,~f,,~ades also tends to delay the stall. Dual rotation

a
.$r.eases’the thrust and gives a less sever’estall than

.}.!.! single-rotating propeller of corresponding solidity.
me qurves.of C

E
versus blade angle for.the .wlde-blade

~~ p~~llers are s own ~in .f’igure?l(b). .No stalling w@s
..:.a~~eht for me six- and etght-blade Wl -.rd@ting ‘ “‘.,,..,~.$w=l~ers. fxItie rage Of blade angles tes.tpd. .. ,,. .--.{.:..,...

..<.:.~..‘: “.Fi-gures22(a) and (b).are composites of-the ‘F&&-. .-mefflc$emt curvess which show how the power absorption....s “fidreaseswith increasing number of blades. The..&r+ter
power absorption of the dual-rotating propellers, as com-
pared to that of the corresponding single-ro~ting pro-

;’pellers, IS evidemt.”.The four-blade single-rotating pro-
.- pellers, both tith standard-width and wide blades;..show

A lessening -ofthe.rate of increaseof power absorption
starting between 25° and 30° whioh may be the effeo.t.ol?
~lade Interfermqe. It woul~ appeap from this reasoning
that the addLtion of’more blades.would accentw~e. Mis
@Tept ,but~the pover-coefflokt gwve& of the sj.x- and

!?
ei &&kd6 singlm$otating “propellersdo I@ show the ‘

..ef’66t’to the same.:de-e as the power-~ oefftd.ent: ourve
o.f the fqq ~b@$@ prqellea, Both me six- and .eight-

.T.blade.propel@4. wqe tandem arrangements,however, :
whiqk~.mBy.~ye: yeduced itheoffec.tof.blade Intenfer&ee
at.zqo,:.,:yJ@)... ..:.“. .. ,.. .

.. ...
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In figure 23 a mmparison is made
rotating propellers Or equal soltdity,

of two single-
but with Oih

propeller-having four wide and the othdr having six
standard-width blades. Over the lower ~rt of the
blade-angle iwnge, the power absorption of the wlde-
blade propeller is slightly less but it becomes
slightly greater at the higher b!ade angles. The
statio thrust-of the four-blade propeller, however, is

slightly higher throughout most of the blade-angle range.
Some of’the differences noted above Gould be ascribed
to Reynolds number effect since both propellers were
run at approximately equai rotationa~ speeds at equal
blade angles. It is also possible that some of the
differences were oaused by the higher .looalinflow
veloolty of the wide-blade propeller which would recluoe
the blade element angles of’ attack and so delay the sUQI.
A more practioal oomparlson of these two propellers Is
given in figure 24 where C#CF Is plotted as a function

of C . The higher statiu thrust of the wide-blade
!props ler over most of the range tested is thus shown.

A comparism of CT/Cp of the eight-blade single-
rotating with tilesix-blade dual~otating propeller at
equal power absorption, both propellers having standard-
width blades, is given in f’igure 25. These curves H-
oate that th six-blade dual-rotating propeller produoes
more thrust at the h.tgherpower coefficients than does
the eight-blade single-otating propeller, in spite of
the clifferenoe in solidity.

The va??~atlonof CT with total activity f%mtor
at several values of Cp is given h figure 26. Fig-
ure 26(a) shows that the single+?otating wide+lade
propellers pzwduced a higher thrust for a gtven power
than the corresponding propellers of standard-width
blades. It appears from figure %(b), however, that
the difference between dual-rotating propellers of
wide or standard-wtdth blades Is not so pronounced as
in the sin@e-rotating oaee. The curves of dual-
rotating propellers having wide and standard-width
blades are p?actioall~ continuous up to a power ooef-
floient of about o.6. As a first approximation the
thrust ooefficzientIs the same for either propeller
at a given total activity factor.
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COMPAFTSON OF STATIC TEST AND EXTRAPOLATED

- - “....,. .. . ,= ---- ‘lHIHD-TUNNELRESULT$ --

Statio-thrust and power oharacteristlos have been
useful chiefly for estimating the length of take-off
runmand for oalculRting nosing-over moments. Statle-teat
.data are usually unavailable for any partloular pro~eller
design ‘andhence these data are usually.obtained by the
extrap~lationmef wind-tumiel test curves to zero V/nIl.
This method has been fairly satisfactory, but thqre may
be some question as to the reliability of this method Im
the lf.ghtof the reoent development of aircraft e~lne~
of” 20?0 or marluhorsepower. Several faotors suoh
as dual rotation, propellers of high solidity, two-speed
gearing, and c~mbin~tlons of these devices have ooms into
prominence !.1S menns of efflctently absorbing th~s increased
power at zero nnd low sl.rapesds. F?ellabledata are essen-
tial in ~Jr~#~rly evaluating the effect of variations In
these schemes.

The feet that many comblnetton$ of single- and
dual-rotating ~.r~~ellsrshad been previously tested in
a wind-tunnel Fresented an opportunity to compare
extrapolated results with test results. First, CT and
Cp points at zero V/nD were obtained by extrapolation,
and inconsistencies were falred out after plotttng these
points against blade sngle. Curves of CT ~d Cp
versus blade an~le obtained In this banner were tin
superlmposcx!on the test curves, as shown in figures 27
and 28. The agreement between results from static tests
and “khosefrem the extrapolation of wind-tunnel test
results Is good In some cases and only fair in qthers. .,
An im~ortant qu,pntityin the application of these
results is CT/Cp. In figure 29 sow.eof the results”d~e

“ oompared on this basis as a f’unotlonof blade angle. ‘
The largest variation appears in the curves of the.four-
and six-blade single-rotating propellers. In the oaae
of the four-blade propeller,for example, the extrapolated
value of Cr/Cp varies from ~ to 8 percent too high.at
the.lower blade en@&s to as much as 19 percent too high
at the higher blade angles. .

Where possible, the wind-tunnel values without wing
were used in order to correspond to thd statlo-thrust
results. In almost every case, however, the wind-tunnel
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tests fotithe st~~tia@-tidth:bl~es;,at10° and”15°.blade
angle had been made only with the wing in plaoe, but at
these low blade angles the.twtst in.the -slipstreamwould
be small so that the effect of a win on a tractor pro-
peller would be negligible. 5From 20 on, these blades
had been tested both with and.without wl~thus.permitting
comparison under”the sum oondltton as the atatio tests..
UnfortunateIT, the wide blades had been tested only with..“
wing through the entire blade-angle range. Nevertheless,
it seemed that the wide-blade ~oompariaonswould still be
of Interest. . . .

It was shown In reference 2 that the presence-of a. .
wfng-inthe slipstream reduced the,rotational losses of
a s~ngle-rotating traotor propeller approximately 50 per- “.
0ent, ,~romthe above statement it would be expected .“
that the values of Cm from the static tests of the
tide-blade single-rot~tlng propellers with no wing wouldI
be somewhat lower than the values from the wind-tunnel
tests.made with t.hawing,’particularly “atthe higher
blade angles where the twist of the slipstream Is nmre
pronounced. This result Is definitely indicated in
figure 27(o) by the % curves of the three- and four-
blade single-rotating propellers with wide blades. A ‘ .“
similar effect would not be’anticipated for dual rotation,.
beoaiisethe rear component of the propeller would tend .
to remove the twist of the slipstream. This Is oonfhned
by the p’lotsof the six- and eight-blade dual-rotating
propellers with wtde blades [fig.27(d).)..

The general untformlty of extrapolated wind-tunnel
data as found la this investigation suggests that a
more accurate picture of the effeot Qf a wing on a .
t~aotor propeller might be obtained by comparisons
based entirely on such data rather than basing the com-
parisons partly on statio-test and partly on extrapolated .
wind-tunnel data. In figures 30 and 31, use Is made of
data from the extrapolation of’wind-tunnel test results
of the six-blade single- and dual-rotating propellers both
with ml without wing. “ (Data from referenoe 2.) At a.
value of Cr of 0.675, for ex~le, CT for the dual-
rotattng propeller Is 0.4.27either with or without wing,
whlle,for the single-rotating propeller, CT Is 0.357
wtth wing and 0.309 without wing. At this value of CP
of 0.675,-the wing Increased the statlo-thrust ooeffi--
olent of’the single-rotat~.hgpropeller ..byabout 15 per-
oent, but dual-rotation showed an increase over singlerot@ion

.. . . . . . . .. . .



(without wing) of’ about 38 perqent. The effeot of the
ting on .alngle-rotatingp~.p.ellers.,,hoyeve~.i.snegligible
at blade angles representative of tb take-off oonditton,
usually less than 30°.

CONCLUSIONS

me following oomlusions arq baaed on stat,io-thzust
comparisons free of oompresslbility effects. In the ease
of-the dual-rbtatlng propellers the pitoh settings were
adjusted to provido equal torque and power at”peak effi-
oienoy.

1. ~al-rotating propellers exhibited a substantial
gain In statlo thrust end po~er absorption over the
corresponding slngl.e-rotating.pro~ellers.

2. On the bas~s of equal power absorption, the six-
blade dual-rot&tirl&propeller WES fpund to be oapable of
produolng approximately the same.static thrust as the
eight-blade shgle-rotating propeller, both propellers
having standard-width blades.

3. At equal solidity or total activity faotor, wide-
blade single-rotating propellers produoed a higher atatlo
thrust for a ~iven power coefficient than did the equivalent
propellers with standard-width blades.

4..‘The agr=:wnt of CT/CF as obtained from static-
test and extrapolated results of wind-tunnel tests, while

f
enerally fair, was found In one ease to vary aa much as
9 peroent.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautio&

Langley Field, Vs., June 2S, 19J!L.
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MST OF FIC3URBS

@umber
R&il- Deairi;tlon Blacle Rotation

bl”~es width

1
Statlo oharaoterlstios 2 Standard single

9
i

StandaM Single
. Wide .
10

Single
Standard Single

11 & Standard Dual
12

k
Wide Single

1
?

Standard Single
1. 6 Standard

6
Dual

Wide Dual
H 8 Standard

8
Single

Standaml Dual
ii 8 Wide Dual

19,20 Fever absorptlon of
front and rsar com-
~onents of six-blade
dual-rotating propellers

21,22 Composites of statto
charaoteriattca

23,2~ Comparisons at equal
solldlty

25 Comparison of single and
dual rotation.

26 Acttvit.y factor oharts

27-29 Comparison of extrapo-
lated and test data

30,31 Fffeet of wing in SMP
stream



Figure 1.- Static-thrust test setup, with eight wide blades, arranged
for dual rotation.
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Figure 3.-Plan view showing dimensional details of nacelle.
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Figure 5.- Difference in blade angle at 0.75R for equi
efficiency.

il torque at peak



(a) Tnree-blad,e single-rota Ing propeller, standard-8
width bladee. B=1O.

(b) Sfx-blade slngleirot;;:ng propeller, stimdard
width blades, = .

Figure 6.- Typical Initial test results uncorrected for
wind veloclty.



F1.gui’e7.-Static characteristics of two-blade single-rotating
propeller. Standard-width blades. ‘ . .
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Figure 8.- Static characteristics of three-blade single-rotating
propeller. Standard uidth blades.
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nmaeller. Standard-width blades .
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Figure 1/4.- Static charricteristlcs of six-blade dual-rotating
mopeller. Stmdard-wlfith blades.
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Figure 16.- Static characteristics of eight-blade single-rotating propeller.
Standard-width blades.
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Figure 17.- Statlc characteristics of eight-blade dual-rotating
cmopeller. Stfindard-width blades.
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Figure 18.- Static. character sties of eight-blade dual-rotating
propeller. Wide blades.
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Figure 19.- Variation of
rear components of the
Standard-widthblades.

the power absorption of the front and
six-blade dual-rotating propeller.
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Figure 20.- Variation of the power absorptionof the front and rear
componentsof the six-bladedual-rotatingpropeller. Wide
blades.



(a) Standard-width blades. (b) Wide blades.

Figure 21.- Composlte ~f static-thrust coefficient curves.



Figure 22.- Composlte of static-power coefficient curves.

.
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(b) ‘Wide blades.

Figure 22.- Concluded
.

.



Figure23.- Comparlson of single-rotating propeller.g of equal solidity. “Six
etandard-width and four wide blades.



FisuPe &.- Comparison of’ single-rotating propellers of equal
solidity on equal power basis,



Figure 25.- Comparlson of six-blade dual rotating and eight-blade
single-rotating propellers on equal power basis. Standard-width
blades.



(a) Single-rotating propellers.

Figure 26.- Varlatlon of static-thrust coefficient with activity factor.

.
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(b) Dual-rotating propellers.

Figure 26.- Concluded.



(a) Standard-width blades, single rotation.

Figure 27.- Comparison of static test data and data from extrapolation af
wind-bunnel test curves. Thrust coefficient curves.
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(b) Standard-width blades, dual rotation.

Figure 2i’.-Continued.



Ic) Wide blades, single rotation.

Figure .27.-Continued.
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(d) Wide blades, dual rotation.

Figure 27.. Concluded.
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Figure 28.- Comparison of static test data and data from
extrapolation of wind-tunnel test curves. Power-
coefflclent curves.
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Figure 28.- Continued.
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(c) Wide blades.

Figure 2@.- Concluded.



(a) Single rotation.

F@ure 29,-Comparison of static test data and dwta from
extrapolation of wind-tunnel test curves.
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Figure 29.- Concluded.



Fig(Ire ~O.- Static -th.-. bt coefficient curves from
e::trz~~lation of wind-tunnel data showing effect
of ‘t:irig on zix-blade single- and dual-rotating
?rcvellers.
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Figure 31.-Static pcr;ler-cocfClcientcurvesfron extrapolation
of wind-t~al data showingeffect of wing on
six-blaciesi@Le- and dual-rotatingpropellers.
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